Purpose Interferon alpha, which is used to treat various systemic disorders, has many reversible side-effects involving various organ systems. In this study, chronic active hepatitis patients undergoing interferon alpha therapy were followed with regard to the ocular side effects. Results Trichomegaly was noted in 2 (6%) patients. Fifteen patients (42%) were found to have retinopathy with cotton wool spot formation and splinter haemorrhages.
Recombinant interferon alpha (IFNa) has been used in the treatment of various systemic disorders due to its capacity to create an antiviral effect, to inhibit cell proliferation and to modulate immunity.I,2 Therapy with IFNa is frequently associated with mild to moderate systemic effects including a 'flu-like syndrome with fatigue, fever, anorexia, nausea and diarrhoea; neutropenia and thrombocytopenia; cardiovascular and central nervous system events, such as chest pain, cardiomyopathy, arrhythmia, numbness and dizziness; and increased liver function enzyme levels, proteinuria, autoimmune disorders such as thyroiditis and polyarthropathy, rash, dryness of the skin and oropharynx, pruritis, alopecia, weight loss and depression.3,4 Though uncommon, ocular side-effects that may result in loss of vision have been reported.s
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In this study, we report the ocular follow-up of patients with chronic viral hepatitis undergOing IFNa therapy.
Patients and methods
Thirty-six consecutive patients, in whom IFNa therapy for chronic active viral hepatitis was started between January and June 1996, were included in the study. There were 25 males and 11 females. The mean age of the patients was 38.6 years (range 18-66 years). Hepatitis C virus (HCV) RNA was positive in 20 and hepatitis B virus surface antigen was positive in 16 patients. Nineteen patients, 1 of whom, was a type 2 diabetic, had chronic renal failure necessitating regular haemodialysis, 1 other patient had type 2 diabetes mellitus and 6 patients had controlled hypertension only (Table 1) .
Recombinant IFNa 2b (Intron A, Schering Plough, Kenilworth, NJ) was administered subcutaneously (6 million international units (MIU) in hepatitis C, and 10 MIU in hepatitis B) three times per week for 12 months.
All patients underwent a complete ocular examination before IFNa therapy consisting of visual acuity measurement (Snellen chart), slit lamp examination, applanation tonometry, and direct and indirect ophthalmoscopy after full pupillary dilatation. Fundus photographs were taken and recorded digitally using the Digital Imaging System (Topcon IMAGEnet-640, Paramus, NJ). Examinations were repeated monthly, except in cases with retinopathy, where more frequent follow-up was employed. After the cessation of therapy at the end of 12 months, the patients were examined every 3 months for a further year. Gonioscopy, perimetry, colour vision, examination for relative afferent pupillary defect and fluorescein angiography were performed when indicated.
Twelve other patients with chronic active viral hepatitis who were not receiving IFNa therapy were also examined and followed up for 2 years at 3-month intervals. The mean age of these patients was 43.4 years (range occlusion; PC, preseptal cellulitis. aTime after duration of therapy at which therapy was first detected; months unless otherwise specified.
years). There were 7 males and 5 females. Chronic renal failure was present in 5 patients and type 2 diabetes mellitus in l.
Each patient had measurement of vital signs and physical examination at baseline and at follow-up examinations. Haematological evaluations were conducted before enrolment and then weekly for the first month and monthly thereafter.
In the statistical evaluation of the results, Fisher's exact chi-squared test and Mann-Whitney U-test were employed.
Results
At the baseline examination none of the patients complained of ophthalmic symptoms, and no retinal lesions, except myopic chorioretinal degeneration in one case (no. 28, Tables 1, 2), were found. The visual acuity data are presented in Table 2 . The blood pressure of the patients with chronic renal failure was under control, but 3 of those in the IFNa group had grade I-II hypertensive retinopathy.
During the study period, preseptal cellulitis developed in 1 patient (no. 20, Table 1 ), and his laboratory investigation revealed leucopenia. In 2 cases (nos. 10 and 23, Table 1 ) an increase in the length of the eyelashes was noted after the sixth month of therapy ( Fig. 1) .
Retinopathy characterised by cotton wool spots and/ or tiny superficial haemorrhages was detected in 19 eyes of 15 patients. These changes were noted early in the course of therapy, most within the first 2 months (Table 1) . Cotton wool spots were commonly seen posterior to the equator, outside the major temporal vascular arcades. Intraretinal haemorrhages were nearly always associated with the cotton wool spots. Consecutive examinations 1-2 weeks apart revealed that the cotton wool spots disappeared completely in 5 patients, decreased in number in 4, and resolved but appeared at another location in 4 patients. Retinopathy progressed in 2 patients (nos. 4 and 23, Table 1 ) to involve the papillomacular bundle. In one of these (no. 23), high-resolution perimetry revealed a suspicious defect in the upper nasal quadrant. A relative afferent pupillary defect was also present in this case. In 2 cases spots and haemorrhages in the lower temporal quadrant (nos. 13 and 22, Table 1 ) with chronic renal failure, cotton (Fig. 2a ). There were cotton wool spots in the other eye as wool spots developed very close to the fovea resulting in well (Fig. 2b) . Two days later the visual acuity was a 1 or 2 line decrease in visual acuity. The IFNa dose was counting fingers from 3 m and a full-blown picture of halved in the more severe case (no. 22) and the cotton hemispheric retinal vein occlusion was observed wool spots disappeared in 4 weeks, with improvement of (Fig. 2c ). Blood pressure was within normal limits. IFNa visual acuity. IFNa at standard dose was restarted. Until therapy was interrupted. Within 2 weeks the end of therapy cotton wool spots were seen again outside the major vessels without any threat to the fovea. neovascularisation developed at the disc, which
One patient with chronic renal failure (no. 36, Table 1 ), responded to photocoagulation therapy. After 6 weeks complained of uniocular blurred vision with 20/20 IFNa therapy was restarted. Nine months later, at the acuity at the fifth week of therapy. Ophthalmoscopic end of 1 year of therapy, visual acuity was 20/20 with an examination revealed papilloedema with cotton wool upper quadrant visual field defect (Fig. 2d) . Of 19 cases with chronic renal failure, 9 developed interferon-associated retinopathy ( Table 1) . This was not significant statistically (p > 0.05). However, in 2 cases, IFNu therapy had to be modified.
In all cases, blood pressure and blood glucose levels were within normal limits at all examinations.
Leucopenia was noted in 5 patients, of whom 2 had retinopathy and 1 had preseptal cellulitis. Haematocrit values were less than normal (41-54% for males, 37--47% for females) in 19 patients, of whom 8 had retinopathy. Platelet levels were less than 140 000/mm3 in 12 patients,
(c) of whom 5 had retinopathy ( Table 1) . Decreased haematocrit and platelet counts in patients with retinopathy were not statistically significant (p > 0.05, P > 0.05, respectively). Ophthalmoscopic examinations in the year after the end of IFNu therapy revealed no new haemorrhages or cotton wool spots. In the group without IFNu therapy no retinopathy was detected during 2 years of follow-up.
Discussion
Recombinant IFNu has been employed as therapy for chronic hepatitis.1,2.6.7 Treatment has been accompanied by various side-effects?.4 Some ocular complications were thought to be coincidental as they were extremely rare.5 These include one case of oculomotor nerve paralysis, two cases of hypertrichosis,8 one case of induction of acute corneal allograft rejection 9 and one case of papilloedema. 5 We report 2 additional cases in which the cilia became prominent due to the increase in length and thickness after 6 months of IFNu 10 MID, three times weekly. The previous reported cases had been receiving 50 MID IFNO' 
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In reports 0 retinopa y ave een mcreasmg. ' various series, the incidence of retinopathy in cases undergoing IFNa therapy has been between 11.1% and 86%?,10-12 In our series, 42% developed retinopathy. Retinal changes were noted early in the course of IFNa therapy, as in other studies?, [10] [11] [12] Retinopathy associated with chronic hepatitis has also been reported without IFNa therapy, with mild thrombocytopenia, long-term hepatitis illness, advanced age, liver cirrhosis and a history of systemic hypertension being the major risk factorsY In this study we did not observe any retinopathy either in the control group or in the IFNa group after the cessation of therapy.
The pathogenesis of interferon-associated retinopathy is unclear. Cotton wool spots are the result of the obstruction of axoplasmic flow secondary to ischaemia of the retinal vasculature. It is speculated that IFNa therapy may cause deposition of immune complexes in the retinal vasculature; leucocyte infiltration with subsequent retinal ischaemia could then lead to capillary non-perfusion and cotton wool spot formation.5 It has also been suggested that complement activation occurs in patients treated with IFNa and that activation of complement Sa can lead to retinal capillary infarction and retinal hemorrhage.6 Another study indicated that red blood cell count decreased significantly in patients with retinopathy compared with those without retinopathy.lO In our cases there was no significant difference between the haematocrit values of patients with or without retinopathy. Hararda et alY reported cotton wool spots combined with splinter haemorrhages in 4 patients and stated that interferons could not be primarily responsible for the development of retinopathy as, in 2 patients, cotton wool spots and haemorrhages disappeared irrespective of continued IFN therapy. However, IFNa-induced leucocyte adherence to the vascular endothelium and subsequent leucocyte trapping in the retinal capillaries, which was dose-dependent, has recently been shown in rats.14 In most of our cases, retinopathy resolved despite continued therapy. We, under the guidance of previous reports, also elected to follow the patients without modifying the therapy, except for 2 cases. In the patient with hemicentral retinal vein occlusion, the treatment was interrupted for 6 weeks. In one patient with macular involvement and a 2 line decrease in visual acuity, the dose was halved.
IFNa has also been tried in the treatment of age related macular degeneration and ocular complications have also been reported in some of these series.5,15-17 No ocular side-effect was reported in patients receiving short-term IFNa therapy of 3 Mill , three times weekly, for ocular Beh�et' s disease. IS This suggests a possible role of higher dosage in the occurrence of retinopathy. In rats, it has been shown that leucocyte trapping in the microcirculation is dose-dependent.14 We do not think that the duration of the treatment is important since retinal changes are seen early in the course of the therapy. In 121 patients with age-related macular degeneration taking 6 MIU IFNa three times weekly, retinopathy has been reported in only 5%. 17 The disparity between this finding and our results may be because in that study patients with significant hepatic and/ or renal disease had been excluded, while our patient group was composed of chronic hepatitis patients some of whom also had renal failure. Renal and hepatic disease may exacerbate the retinal toxic effect of IFNa.
Retinal vein occlusion has not been reported in association with IFNa therapy. Our case (no. 36) may not be directly related to IFNa. The patient was 39 years old, had chronic renal failure and, although her blood pressure seemed to be under control, we cannot rule out other factors for vein occlusion; however, we suspect that IFNa had an additive effect.
In previous reports it has been stated that IFNa associated retinopathy was more common among diabetic or hypertensive patients.12 In our series chronic renal failure was the major systemic problem. We did not find a statistically significant association between IFN associated retinopathy and chronic renal failure. However, we observed that retinopathy was more severe in patients with chronic renal failure, requiring modification of the therapy.
No treatment appears indicated in most cases since the lesions appear to resolve spontaneously. However, experimental studies suggest that some anti inflammatory drugs that modulate leucocyte-endothelial interactions would be effective in the inhibition of leucocyte entrapment in the microcirculation.1 9 These could be considered in progressive cases or when visual acuity is compromised.
In conclusion, patients receiving IFNa, especially those with accompanying systemic disease, should be monitored for ocular side-effects. The use of protective agents for the microcirculation may need to be considered.
